To evaluate patients with primary spontaneous pneumothorax (PSP) who were treated via the video-assisted thoracic surgery (VATS) procedure by means of clinical features, surgical outcomes, and follow-up results.
INTRODUCTION
Primary spontaneous pneumothorax (PSP) is the abnormal accumulation of air into the space between the parietal and the visceral pleura without underlying lung disease; the most commonly suspected reasons are pneumonia and blebs-bullas in the apical lung parenchyma (1, 2) . PSP commonly occurs in young, tall, and thin men having high apical pleural negative pressure. The main symptoms are shortness of breath and sudden chest pain. The incidence of PSP is 9/100,000 per year (3) . Men are most often affected aged 22 to 26 years old. It is seen <1/5 in females. When detected in a female patient, it should be considered as a rare cause, such as lymphangioleiomyomatosis or catamenial pneumothorax (4) . In recent years, the thoracotomy approach is gradually abandoned. The video-assisted thoracic surgery (VATS) method, which is no longer questionable in terms of less pain, treatment success, less length of hospital stay, and less time to return to work, is preferred in all patients.
The aim of the present study was to retrospectively evaluate patients with PSP who were treated via VATS at our clinic between January 2012 and January 2018.
MATERIAL and METHODS
Fifty-six patients with PSP who were treated and followed up were evaluated retrospectively according to age, gender, smoking, etiology, diagnostic methods, treatment modalities, and recurrence. Patients who had secondary spontaneous pneumothorax and traumatic and iatrogenic pneumothorax; <18 years old; treated conservatively or with awake non-intubated procedures; and with missing data were excluded from our study. VATS was performed under general anesthesia with double lumen intubation. At the beginning and end of the operation, 0.9% isotonic solution was fulfilled to the thorax, and the lung was inflated and carefully inspected for possible air leaks, blebs, and bullae. All patients underwent apical wedge resection and mechanical abrasion or apical pleurectomy with uniportal VATS or two portal VATS (if pleural adhesion was detected) by the same surgical team (Figure 1 ). Endoscopic staplers with green cartridges (Endo GIA 60 4.8 mm, Covidien Endo GIA Universal Roticulator, Minneapolis, MN, USA) were used for wedge resection, and the upper parietal pleura was mechanically abraded by medical sandpaper or apical pleurectomy ( Figure 2 ). During VATS, pleural adhesions were dissected using electrocautery or blunt dissection, if necessary. All patients were extubated in the operating theater and were followed up in the special care section of our service during the first 16 h. Chest physiotherapy was applied in the early postoperative period. Portable chest X-ray was performed after surgery within hours. Chest tube of the cases with no air leak and fully expanded on chest X-ray was removed. Patients were discharged on the same day or the next day if their expanded lung in PA roentgenogram after the chest tube was removed. All patients were routinely followed up, and the mean follow-up period was 48.4±11.4 (range 9-70) months. Recurrent pneumothorax was defined as a pneumothorax diagnosed by chest X-ray or chest tomography >10 days after the removal of the chest tube. This research was conducted according to the principles of the World Medical Association Declaration of Helsinki "Ethical Principles for Medical Research Involving Human Subjects" (amended in October 2013).Written informed consent was obtained from patients who participated in this study.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences program Statistical Package for the Social Sciences (SPSS) version 20.0 (IBM Corp.; Armonk, NY, USA). Data were expressed as mean±SD. Frequencies and percentages were used for categorical variables.
RESULTS
From January 2012 through January 2018, the VATS procedure for PSP was performed in 56 consecutive patients who had a mean age of 26.01±7.4 (18-38) years. There were a total of 9 (16%) female and 47 (84%) male patients. Of the patients, 39 (70%) were treated on the right side, and 17 (30%) were treated on the left side. Among them, 48 (86%) had a history of smoking.
The operation indications were recurrence in 40 (71.5%) patients, prolonged air leak in 14 (25%), and bilateral pneumothorax in 2 (3.5%). The operation procedures included upper pleural mechanical abrasion in 44 (78.5%) patients, apical pleurectomy in 12 (22.5%), and uniportal VATS in 34 (60%) and an additional camera port in 22 (40%). The bilateral VATS procedure was performed in two patients who had bilateral pneumothorax. The mean operation time, chest tube removal time, and length of hospital stay were 26.04±4.61 (20-45) min, 1.4±0.6 (1-3) days, and 1.7±0.8 (2-4) days, respectively. Table 1 shows the other demographic and clinical data and surgical outcomes. No significant difference was found between uniportal and biportal VATS or mechanical abrasion and apical pleurectomy groups compared with statistical evaluation with demographic and clinical features and surgical outcomes (p>0.05). The mean loss of blood was <100 mL. We found macroscopic blebs or bullae in 50 (89%) patients. The mean of staples used was 2.4±0.6 (1-5). The mean cost of patient's health care system was calculated as US$472.42±56.7.
There were no conversion of VATS to open thoracotomy and intraoperative complications. Subpleural blebs or bullae (emphysema-like changes) were detected as the definitive pathology of all patients.
In 16 (28.5%) patients who developed complication, it was expansion problems in 8 (14.5%), wound infection in 4 (7.5), recurrence in 3 (5.5%), and atelectasis requiring bronchoscopy in 1 (1, 5).
We used an external suction therapy between 20 and 40 cm H 2 O in eight patients postoperatively. Air leakage stopped on an average of 3 days. For patients who developed wound infection during admission, intravenous antibiotic was administered. No chronic paresthesia was observed in any patient after >2 months postoperatively.
When patients are classified according to the first pneumothorax attack, 75% of them were in the spring and autumn seasons (Figure 3) . The peak time of admission to the hospital was recorded in September (n=10; 17.8%), with the lean time in February (n=2; 3.5%).
The mean follow-up period was 48.4±11.4 (range 9-70) months. Recurrence was seen in 3 (5.3%) patients who continued smoking postoperatively. In two patients, recurrence occurred 2 and 3 years postoperatively, respectively. We performed reoperation with VATS, and the newly formed bullous areas were resected, and pleurectomy was added. Tube thoracostomy was applied after 6 months from the first operation for those who did not have an operation. Only pleural abrasion had been performed in three patients who developed recurrence. Recurrence-free times for 1 year, 2 years, and 6 years were 98.3%, 96.5%, and 94.7%, respectively. Intraoperative or postoperative mortality was not observed.
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DISCUSSION
Pneumothorax, a disease known since ancient times, has been identified with various clinical approaches and treatment modalities. In addition, PSP is one of the most common problems that a thoracic surgeon encounters in daily practice. The rate of recurrence is 20% after the first, 60% second, and 80% third episodes (5). Cardillo et al. (6) reported that the development rate of PSP in healthy smokers is 12%, whereas it is 0.1% in non-smokers. They reported that recurrence usually develops in the first 2 years, and the recurrence rate is 1.73% after VATS procedure. In our study, 84% of our patients were male, and 86% had a smoking history. The recurrence rate after VATS procedure was 5.3% (3/56), and two of the recurrences were detected after 2 years.
The British Society of Thoracic Surgeons guidelines on the management of PSP recommended surgery after the first recurrence (7). Other operation indications are persistent air leakage (>5-7 days), recurrent ipsilateral pneumothorax, prior contralateral pneumothorax, synchronous bilateral pneumothorax, and occupational risk (aircraft personnel, sportsmen, and scuba divers, etc.). The main goal in surgical management is resection of bullae and blebs and apical pleurodesis to prevent recurrence. Conventional open surgical methods can be used for this, and video-assisted operations are also preferred today. In recent years, VATS is considered as the gold standard surgical technique for the treatment of PSP (8, 9).
Minimally invasive techniques have gradually increased in the last 10 years and also in our own clinic. VATS was considered as the gold standard approach in recurrent PSP. Therefore, in the present study, we wanted to compare our own clinical outcomes with the literature. When VATS is compared with open thoracotomy, the recurrence rates are equal. The superiority of VATS has been proven in many studies in terms of less surgery time, less postoperative pain, shorter hospital stay, less impact of immunity, and shorter time to get started. Therefore, nowadays, it can be said that VATS is associated with better clinical outcomes than thoracotomy for three common thoracic procedures: surgery for pneumothorax, minor resections (wedge and segmental resections), and lobectomy (10).
The recurrence rate after pneumothorax operations with VATS is <5%. This rate is approximately 1% of thoracotomy. Early recurrence (before 1 month) may be due to inadequate pleurodesis or parenchymal leakage. In case of a late recurrent period (after 1 month), newly formed blebs and bullae associated with continuing smoking may be responsible. There are also publications that recommend reoperation with VATS and apical pleurectomy in addition to open thoracotomy in recurrences (2, (11) (12) (13) (14) . In our study, we detected recurrence in 3 (5.3%) patients who continued smoking after VATS procedure. All of them were during the late period, and pleural abrasion had been performed following apical wedge resection. Two patients were reoperated, and apical wedge resection was applied, and pleurectomy was added with VATS. In one patient, tube thoracostomy was performed for denying reoperation.
The recurrence of pneumothorax after VATS surgery is reported to be higher (2%-14%) than that after open thoracotomy (0%-7%). However, this difference is constantly getting smaller with today's VATS techniques (15). Orki et al. (16) reported their retrospective study of videothoracoscopy bulla ablation using electrocoagulation, and that apical pleurectomy is a safe method for recurrence of PSP with a similar recurrence rate of 4.76%. They concluded that electrocoagulation is cost effective with VATS procedure to avoid the use of expensive stapler devices.
There are many studies comparing the uniportal or multiportal performance of VATS technique for PSP. When the uniportal VATS was compared with the traditional three port VATS for PSP, better cosmetic results, shorter hospital stay, less postoperative pain, short recovery time, and more cost effective were found (17, 18) . In our study, 60% of the patients underwent uniportal VATS, and reasonable results were obtained regarding length of hospital stay, restore time, and economic parameters consistent throughout the literature. None of our 56 patients had chronic paresthesia after the procedure.
Akyil et al. (19) evaluated the correlation between meteorological conditions and pneumothorax with a total of 1097 patients with PSP in their study. They reported that the peak time of admission to the hospital is recorded in October (n=131; 12%) and in autumn (n=330; 30%). In our study, we found that 75% of the patients' first pneumothorax attack were in the spring and autumn seasons (September: n=10; 17.8%).
Our study has some limitations. First, it is a retrospective study including consecutive patients and is open to selection bias. Second, we use no direct comparison with conservative treatment or other VATS techniques. However, the strength of our study is that we performed a standard VATS procedure in all patients and evaluated from many perspectives related to PSP.
Primary spontaneous pneumothorax, which has been known since ancient times, is still one of the most frequent diseases that thoracic surgeons encounter. In terms of low major complications, low recurrence, short hospital stay, low postoperative paresthesia, and short recovery time, VATS without regard to uniportal or multiportal is still the gold standard and is a safe method for PSP. Mechanical abrasion or apical pleurectomy can be performed with similar success rates. The formation of new bullae-blebs associated with continued smoking behavior can be seen as the main reason for late period recurrences.
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